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Concentration changingAbstract Gravity current is one of the most important factors in the deposition and reservoirs use-
ful life reducing. The progressive section (forehead of gravity current) is an important part of this
process which is inﬂuenced by many factors. In the present research, behavior of the forehead of
saline density currents ﬂowing over artiﬁcial vegetation was studied by conducting experiments.
Velocity and concentration proﬁles were measured for different ﬂow sections. Artiﬁcial vegetation
was placed along the ﬂow direction with 2 heights and 5 different densities. The results show that
increasing artiﬁcial vegetation density causes decrease of the gravity current velocity 13–28.5 % and
the concentration is reduced 53.5–82%, respectively, compared with smooth bed currents and there
for the most effective artiﬁcial vegetation density in this work 1.4% can be concluded.
 2016 Production and hosting by Elsevier B.V. on behalf of Ain Shams University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
In principle, gravity current can be described in terms of
entrance of ﬂuid with a speciﬁc known mass into a mass of
ﬂuid with a speciﬁc different mass as a result of the inﬂuenceof gravity’s acceleration over the different mass difference
[1]. The difference in the speciﬁc mass may be subjected to
the existence of suspended materials, solvent materials, tem-
perature difference or a combination of them [2]. Gravity cur-
rent causes several points such as decrease in the volume of
saving and life expectancy of a dam, obstruction of input struc-
tures, damage of plants and sedimentation in the rivers’ down-
stream as a result of sediment ﬂushing [3,4].
The ﬁled investigations of gravity currents as a result of
movement of this current in the deeper water and in the very
volume of water are difﬁcult, expensive and deleterious. More-
over, implementation of them is followed by a great inaccuracy
due to so many approximations during exploitation [5]. In so
doing, many investigations are conducted over the muddy cur-
rent in laboratory or by using mathematical models. Bell [6]
Figure 1 Laboratory ﬂume and its accessories.
800 A. Khalili Naftchali et al.has carried out some comprehensive studies into investigating
muddy currents in the various ﬂumes and found out the impor-
tance of the issue of reservoirs’ sedimentation. Investigating
the muddy currents has been continued thereof. Fukushima
[7] has also conducted some experiments on the movement
of muddy current in the 3 dimensional cases. The ﬁndings were
shown that as the input density increases, the horizontal distri-
bution increases too and this increase has not signiﬁcant inﬂu-
ence in the high slopes. Altinakar et al. [8] have studied the
proportions of gravity currents to the relationship of dimen-
sionless speed (velocity) proﬁles in the small slopes by using
an experimental model and measuring the speed proﬁles in
the conditions of dense current with very small sediments.
De Cesare et al. [4] have proposed a numerical model using
an experimental model. In their research, the data consist of
ﬁeld observations from Luzzone Reservoir over the Alps in
Switzerland. La Rocca et al. [9] have investigated the dynamic
of a 3-dimensional gravity current at the rough levels using
numerical and experimental simulation. They have shown that
the value of decrease of currents’ development speed is not the
same at the various rough levels; it becomes constant after
reaching a certain value.
Until now, quite a few studies have been carried out all over
the world in dealing with the development speed of gravity cur-
rents, although surveying the bibliographies showed that there
is no any speciﬁc research hitherto in dealing with the effects of
various concentrations of artiﬁcial vegetation cover on the
development speed of gravity currents. In the present research,
it is tried to study the behavior of saline gravity currents in
terms of changing the concentration of artiﬁcial vegetation
cover in the various densities. Then, the results of this research
are compared with the works of other researchers in the per-
spective of development speed of gravity currents. Finally,
changing the density in gravity currents is carried out through-
out the artiﬁcial vegetation cover.
2. Materials and Methods
Front or head of gravity currents is one of the important parts
of the gravity currents which is called the mace-pointed part in
the front of current. The feature of front of gravity currents is
its higher height in contrast to the body of current. Gravity
current is the current with the density of ðqdÞ that is essentially
created as a result of difference of density ðDqÞ from gravity
acceleration ðgÞ . This current occurs constantly until the grav-
ity reduces by means of the Dq=qa proportion.
g0 ¼ gðqd  qa=qaÞ ¼ gDq=qa ð1Þ
In this relation, g0 stands for reduced gravity acceleration, g
for earth gravity acceleration (9.81), qa and qd for speciﬁc mass
of ambient ﬂuid and gravity (density) ﬂuid respectively, and Dq
for difference of density [1].
In the motion (movement) of a gravity current over a bed
with ﬂoor slope of S ¼ tanðhÞ, the Densimetric Froude Num-
ber in the gravity current can be written as follows:
FrD ¼ U=
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
g0hcosh
p
ð2Þ
U, h and h are average velocity, depth of ﬂow and angle of the
bed with Horizon. FrD is called the Densimetric Froude Num-
ber [10].2.1. Physical model
The experiments of this study have been conducted in Engi-
neering Hydraulic Laboratory in University of Birjand. To
apply the experiments, a ﬂume with 10 m length, 0.3 m width,
and 0.6 m height was used. A controller was installed in 1 m
distance in the beginning of the ﬂume; a circular channel was
located in 1 m after the controller. The opening extent of this
channel is for accessing the constant current of 0.05 m and
the distance of artiﬁcial vegetation cover starting is 2 m from
the hole. The length of vegetation coverage is 3 m, in parallel
with each other and in the perpendicular direction to the cur-
rent. The ﬂume can vary the slope up to 5% by a lever in the
downstream. In the end of the ﬂume, a weir was installed to
control the ambient ﬂuid water. A discharge tap was located
in the end of the ﬂume in order to discharge the gravity current
from the end and to prevent its comeback, in order to create a
gravity current from a mixing reservoir with the expectancy
volume of 3.25 m3 (Fig. 1).
Powder salt was used for creating a saline gravity current.
In all experiments of this research, the development of the
gravity currents during the ﬂume has been shot by the camera,
Canon Power Shot A3400.IS, 1.1000 b/s. Finally, the mean of
front development speed for gravity currents is measured in
distances of 50 cm in 6 cross-sections from the beginning of
the cover. It was calculated by V ¼ X=T formula. Density sam-
pling from the front of the gravity currents has been done in
the center of the ﬂume in the form of vertical density proﬁles.
Measuring the density has been carried out in 3 cross-sections
with the distances of 80 cm, 180 cm, and 280 cm from the
beginning of the artiﬁcial vegetation cover. This sampling
was conducted by means of six siphons of 60 cc volume in
the distance of 2.5 cm from bed in which the tubes’ diameters
were 8.5 mm. The distance of the ﬁrst section of sampling from
the ﬂume ﬂoor (surface) is 2.5 cm. An EC meter (Neo Met 815
pdc) is used for determining the amount of salt in the samples
of saline gravity currents (Fig. 2). The extent of salinity has
been determined by means of this device. Then, the extent of
salinity was changed to salt density in terms of gram per liter
by means of a calibrated diagram. In order to determine the
calibrated diagram, several samples with a speciﬁc density were
created by distilled water for some different densities. Further-
Figure 2 EC meter.
(a) Forming current flow after opening gate
(b) Current flow while passing the vegetation coverage 
(c) Current flow after passing the vegetation coverage 
Figure 4 Sample of current ﬂow formed in ﬂume.
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salinity. By means of ﬁtness, the change equation of salinity
(Siemens) to density (g/L) was derived. To simulate the artiﬁ-
cial vegetation cover, the thin ﬂexible plastic tubes with thick-
ness of 8.5 mm were used. These tubes with the constant
parallel array in 5 variable densities are attached to a galva-
nized plate with the thickness of 2 mm, and also are measured
in the testing time (Fig. 3).
The experiments are conducted for 4 various densities (C),
and 5 various concentrations in 2 heights with the constant
slope of 1%. The concentration is deﬁned as the proportion
of the occupied level by artiﬁcial vegetation cover to the total
level of artiﬁcial vegetation cover. Fig. 4 shows a sample of
composed gravity currents. Table 1 shows the summary of
the carried-out experiments.
2.2. Dimensional analysis
The effect of concentrated artiﬁcial vegetation cover on the
currents’ development can be depended on the below geomet-
ric, kinematic, and dynamic variables:
fðP;X;W;S;H;N; d;Dc; hf; hb; ha; ld:c; qa; t; g0coshÞ ¼ 0 ð3Þ
In the relation, P stands for the array of vegetation cover-
age in which the vegetation coverage is in parallel with each
other and in the perpendicular direction to the current, X for
length of artiﬁcial vegetation cover, W for width of artiﬁcialFigure 3 The ﬂume dimension sand distances ofvegetation cover, S for ﬂoor slope, H for height of artiﬁcial
vegetation cover, N for concentration of plant coverage, d
for diameter of artiﬁcial vegetation cover, Dc for density of
gravity current, hf for height of front gravity current, hb for
height of body gravity current, ha for height of ambient ﬂuid,
ld:c for dynamic viscosity of gravity currents, qa for speciﬁcequipment (measurements are in centimeters).
Table 1 Summary of the experiments performed in this study.
Series of experiments N (%) C (gram per liter) H (cm) Reynolds
number  104
Densimetric Froude number Number of experiments
1 0.6 10, 20, 30, 40 15, 20 1.07–1.79 0.51–0.77 8
2 0.8 10, 20, 30, 40 15, 20 0.94–1.76 0.5–0.67 8
3 1 10, 20, 30, 40 15, 20 0.88–1.73 0.46–0.65 8
4 1.2 10, 20, 30, 40 15, 20 0.85–1.71 0.44–0.64 8
5 1.4 10, 20, 30, 40 15, 20 0.72–1.71 0.41–0.63 8
6 0 10, 20, 30, 40 0 0.13–2.32 0.57–0.74 4
802 A. Khalili Naftchali et al.mass of ambient ﬂuid, t for development time of gravity cur-
rent’s wave, h is the horizontal angle and g’cosh for gravity
acceleration. Because cosh is of insigniﬁcant amount, it was
ignored. In the above relation, array of artiﬁcial vegetation
cover, width of artiﬁcial vegetation cover, diameter of artiﬁcial
vegetation cover, ﬂoor slope, and height of ambient ﬂuid have
been considered as constant. To survey the inﬂuence of gravity
currents’ speed on the other parameters, some non-
dimensional relations are proposed by Edgar Buckingham’s
method using the dimensional analysis.
f ¼ ðH=hf;N;Dc=qa;X=hf; hb=hf; uf=
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
g0  hf
p
; ld:c=ðqa  V hfÞÞ ¼ 0
ð4Þ
In the above relation, uf=
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
g0  hf
p
represents the Densimet-
ric Froude Number. Its effectual parameters have been shown
in Relation 6. However the experiments of this research haveFigure 5 Compare the effect of Artiﬁcial vegetation density on the ve
concentrations.been carried out in the ﬂume and in the conditions free envi-
ronment, the Reynolds Number of gravity current
ðqa  V hf=ld:cÞ continuously is under the range of turbulent
ﬂow, and its calculation is overlooked.
3. Results and discussion
Based on the carried-out experiments, the results are separately
brought and analyzed in two parts. In the ﬁrst part, the results
of investigating the effect of parameters in the velocity of the
front of currents ﬂow were studied. In the second part, the
change of proﬁle’s density along the current was studied. Then,
a relation was derived to calculate the velocity of current ﬂow
in each of concentrations of vegetation coverage. Finally, the
results of present research are compared with those of other
researchers.locity of the gravity current forehead at a height of 2.0 m at various
Table 2 Percent of velocity reduction in comparison with the
ﬂat bed in all concentrations with respect to the densities and
sand heights of various Artiﬁcial vegetation.
Height (m) Density (%)
0.6 0.8 1 1.2 1.4
0.15 13 17 19 22.8 26.3
0.2 15.4 19.1 21.8 24.4 28.5
Figure 7 Change the dimensionless velocity relative to the
densities.
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In this part, the velocity changes of front gravity currents have
been investigated under the inﬂuence of artiﬁcial vegetation
cover and density. Fig. 5 shows the effects of 5 various concen-
trations of artiﬁcial vegetation cover with the height of 0.2 m
on the front speed in 4 various densities. Measuring the speed
is done from the beginning of the artiﬁcial vegetation cover
and in 6 cross-sections with the distance of 0.5 m from each
other and the results are compared with the smooth bed.
In Fig. 5, the velocity of current’s development is signiﬁ-
cantly decreased as the density increases. These 2 are due to
the incidence of gravity current with artiﬁcial vegetation cover
and the creation of friction as well as the increase of the
amount of entrance of ambient ﬂuid to the front gravity cur-
rent so that the density difference of density ﬂuid from theFigure 6 The dimensionless velocity changes relaambient ﬂuid decreases and the power of currents becomes
lower.
It is also shown that the end of the diagrams approaches to
the horizontal state in the higher densities and the lower con-
centrations. As the current passes along barriers, the driving
force of current becomes balanced with the resistance powers
against movement, then effective roughness becomes stabilized
and therefore the speed has not tangible changes. All of thesetive to length of ﬂow path in 4 concentrations.
Figure 8 Change the velocity progress of the gravity current
relative to concentration in different densities.
804 A. Khalili Naftchali et al.show that the low concentration has not great effect on the
reduction of speed of the front gravity current in the high den-
sity. Table 2 shows the reduction percentage of development
speed of gravity currents in contrast to the smooth bed for 2
heights. The experiments have presented the similar results
for these 2 heights.
Fig. 6 shows the range of changes in dimensionless speed of
the development of current in each of the concentrations in
contrast to the length of the current’s way for 0.15 cm height
of artiﬁcial vegetation cover. U is for the corresponding speed
in the control treatment and Xa for total length of artiﬁcial
vegetation cover; Uf=U represents the amount of artiﬁcial veg-
etation cover’s capability for controlling gravity current over
the smooth bed. As it is seen, the dimensionless speed signiﬁ-
cantly reduces as a result of incidence of gravity current with
artiﬁcial vegetation cover, although the dimensionless speed
increases after passing the half of the current’s way for
0.6%, 0.8%, and 1% concentrations. This shows that, in these
concentrations, the artiﬁcial vegetation cover lowers for con-
trolling the current from the forth cross-section, that is, as(b) The change of height in the front of 
currents flow in the various concentraions. 
Figure 9 Evaluate the change in relativethe gravity current moves along the ﬂume, the ambient ﬂuid
becomes gravity current; in addition, the artiﬁcial vegetation
cover as a factor in friction becomes more along the ﬂume.
It is concluded that the gravity acceleration, the factor in stick-
ing and moving of current along the ﬂume’s ﬂoor, decreases.
As a consequence of reduction of the effective gravity acceler-
ation, the major part of the current tends to pass along the bar-
rier and reach the normal position with the lower amount of
energy so that the speed increases in contrast to that of the
smooth bed. This is called waking phenomenon.
Fig. 7 shows the changes of dimensionless speed in contrast
to the concentration in the various densities for 0.15 cm height
of artiﬁcial vegetation cover. As the concentration increases
the speed reduces, but this speed reduction is less in the lower
densities. As the density increases, the amount of speed reduc-
tion is more in contrast to corresponding speed in the control
treatment. These results are also registered for the 0.2 cm
height of artiﬁcial vegetation cover.
In Fig. 8, the speed changes against density are shown for
20 cm height in the various concentrations. In the higher den-
sities, the increase in concentration has signiﬁcant effect on
reducing the speed of front gravity current; and with the
decrease in density, the speed of front of current shows little
reaction in contrast to the concentration change. The reason
that it happened is that in the high density, both of the density
difference and the effective gravity acceleration, the movement
factor in gravity current, are high. The density of gravity cur-
rent becomes reducing so much and signiﬁes much more reduc-
tion speed. This happens as a result of clear water’s
intermixing phenomenon into the gravity current and the
increase in friction as the incidence with artiﬁcial vegetation
cover.
The investigation of relative height of front gravity current
shows that the height of the front decreases as the gravity cur-
rent passes along the ﬂume; the height of the front gravity cur-
rent does not change as the concentration changes. Fig. 9
shows the results of these comparisons.
The results of comparison of Froude Number against the
concentration in 4 various densities for 0.15 cm height of arti-
ﬁcial vegetation cover are shown in Fig. 10. As it is seen in the
ﬁgure, Froude Number decreases along the current’s way. This(a) Change the relative height of the 
gravity current forehead relative to 
 length of the flow path.
height of the gravity current forehead.
Study on the effects of density on forehead of saline current ﬂow 805is because the speed and height of front of current decrease
along the way but the amount of speed reduction is much more
than the height reduction of front of current and the Froude
Number decreases consequently. In addition, the gravity accel-
eration decreases as the primary density of current decreases.
The adhesion of current toward the ﬂume’s surface (ﬂoor)
decreases and the current tends more to pass along a way with
little energy so that the Froude Number increases. The distri-
bution of Froude Number in lower concentrations reduces
because the current’s speed is monotonous in the lower
concentrations.Figure 10 Change the Froude number relative to Artiﬁcial vegetat
concentrations.
Table 3 The values of coefﬁcients in the Eq. (5).
Name of researcher Years of presenting Slope
Altinakar et al. [13] 1990 0 < s < 2.9
Middleton [14] 1966 0 <s< 0.04
Denton [15] 1985 0.015
Ghomeshi [16] 1995 0.00635
Keulegan [12] 1958 s <0.04
Turner [10,17] 1979 and 1973 –
The present study Smooth bed
Density (% 0.6)
Density (% 0.8)
Density (% 1)
Density (% 1.2)
Density (% 1.4)3.2. Comparison of speed and presentation of relation
In order for comparing the speed of front gravity current in
this research with others’ works, the Relation 7 has been used
[11,12].
Uf ¼ Ccðg0HfÞ0:5 ð5Þ
In which Uf is for speed of front of current, Cc for experimen-
tal coefﬁcient, g0 for the effective gravity acceleration, and Hf
for thickness of front of current.ion density in artiﬁcial vegetation height of 0.15 and 4 different
Type oﬀ low Cc R
2 RMSE
Salty and sedimentary 0.63 – –
Salty 0.75 – –
Sedimentary 0.68 – –
Salty and sedimentary 0.63 – –
Salty 0.75 – –
sedimentary
ﬃﬃﬃ
2
p
– –
Salty 0.649 0.887 0.007
Salty 0.593 0.573 0.01
Salty 0.574 0.817 0.007
Salty 0.559 0.776 0.008
Salty 0.539 0.779 0.008
Salty 0.515 0.758 0.009
Figure 11 Comparison of results of previous research and the present study.
Figure 12 The vertical distribution of concentration in ﬂat bed at different sections and concentrations.
806 A. Khalili Naftchali et al.In Table 3, the proposed experimental coefﬁcients have
been proposed for the above relation in this research and the
others’ works. A separate coefﬁcient was taken for the condi-tions of smooth bed and each of the concentrations. It is seen
in the table that coefﬁcient C is more for saline currents than
the sediment currents. This means that speed in the saline cur-
Figure 13 Comparison of the vertical distribution of concentration during Artiﬁcial vegetation in height 20 cm and the different
densities.
Study on the effects of density on forehead of saline current ﬂow 807rent is more than that of the sediment currents because of the
difference between ﬂoating and density ﬂuctuations.
It is also seen in the table that coefﬁcients of present
research are close to those of others; the most (R2) and the
least (RMSE) are observed for the 0.8% concentration. In
the present study, the coefﬁcients vary from 0.515 to 0.649.
The present relations in Table 3 are compared for 9 values
of ðg0HfÞ with measures of 0.01, 0.02, 0.03, 0.04, 0.05, 0.06,
0.07, 0.08, and 0.09. The results are shown in Fig. 11. As it
is seen, the speed of front gravity current has the highest value
in Turner relation. This means that Turner has used the height
of body current to calculate the front speed; however, others
have used the height of front of current. The ﬁgure also shows
that the coefﬁcients of present treatment conclude the lower
speed in contrast to other relations; as the concentration
increases, the speed of current signiﬁcantly reduces which indi-
cates the effectiveness of artiﬁcial vegetation cover on reduc-
tion of current speed.
The multi-linear relation among speed variables, ðg0HfÞ0:5
and the concentration of artiﬁcial vegetation cover were pro-
cessed and embedded with SAS Software for both of the
heights of artiﬁcial vegetation cover.
artificial vegetation height 0:2 m Uf
¼ 0:037þ 0:413ðg0HfÞ0:5  0:015ðNÞ ð6Þartificial vegetation height 0:15 m Uf
¼ 0:039þ 0:409ðg0HfÞ0:5  0:016ðNÞ ð7Þ
In these relations, Uf stands for the speed of front gravity cur-
rent, g0 for reduced gravity acceleration, Hf for the height of
front gravity current, N for concentration percentage of artiﬁ-
cial vegetation cover, and e for the potential error. In Relation
6, R2 coefﬁcient is 0.827 and RMSE is 0.007. In Relation 7, R2
coefﬁcient is 0.806 and RMSE is 0.007. These ﬁndings show
the accuracy of the above-mentioned relations.
3.3. Density changes of gravity current
In Fig. 12, the ﬁndings of measuring density changes are
shown in the upright angle for 3 cross-sections with the dis-
tance of 1 m for smooth bed state. Section 1 is for upstream
and Sections 3 is for downstream. 6 densities have been read
for each cross-section vertically. As it is seen in the ﬁgure,
the density decreases as both the height and distance from
the ﬂume’s ﬂoor increases. Along the movement of current in
the ﬂume, the current’s density decreases which is because of
intermixing phenomenon and entrance of clear water inside
the gravity current due to the existence of the interface in their
mutual seasons.
In the lower densities, this density reduction happens less
along the ﬂume because in the currents with low density due
Table 4 Percent of concentration relative reduction relative to
ﬂat bed in various statuses and height 2.0 m of Artiﬁcial
vegetation.
Concentration (grams per
liter)
Densities (%)
0.6 0.8 1 1.2 1.4
40 62.07 64.85 67.15 73.38 75.43
30 57.25 60.62 63.73 66.04 68.72
20 62.83 66.9 73.61 71.08 81.28
10 61.71 67.08 73.28 76.7 81.13
Table 5 Percent of concentration relative reduction toward
ﬂat bed in various statuses and height 0.15 m of Artiﬁcial
vegetation.
Concentration (grams per
liter)
Densities (%)
0.6 0.8 1 1.2 1.4
40 53.54 59.85 64.01 72.62 75.5
30 53.71 58.57 61.21 65.21 66.8
20 56.37 60.62 64.88 70.37 77.04
10 60.04 64.17 77.72 74.09 73.71
808 A. Khalili Naftchali et al.to the reduction in stress between gravity current and ambient
ﬂuid, the signiﬁcant reduction in density becomes less near the
common borders of 2 ﬂuids; in addition, as the front height is
greater in these currents, the monotony of the density is seen
more, that is, the current moves along the ﬂume with more
monotonous density.
Then, artiﬁcial vegetation covers with the various concen-
trations were put in 3 m from the length of the ﬂume. Density
changes were read in those 3 cross-sections with the distance of
1 m from each other. This was also applied for the concentra-
tions of 10 g/l, 20 g/l, 30 g/l, and 40 g/l as well as for 2 heights
of 0.15 m and 0.2 m of artiﬁcial vegetation cover. The similar
results were obtained. In Fig. 13, a sample of this measurement
has been shown for density of 40 g/l and for height of 0.2 m of
artiﬁcial vegetation cover in the form of dimensionless.
In order to make the horizon axis dimensionless, the pro-
portion of density in each point to density in the smooth bed
was calculated. In order to make the vertical axis dimension-
less, the upright distance of measuring point proportional to
ﬂoor is divided into front height of gravity current in that
cross-section. In the below ﬁgure, the amount of density reduc-
tion in contrast to that of the smooth bed is shown in the 1st,
2nd, and 3rd cross-sections for various concentrations.
As it is shown in the ﬁgure, through establishing the artiﬁ-
cial vegetation cover, the amount of density was signiﬁcantly
decreased in contrast to the smooth bed; the 1.4% concentra-
tion of artiﬁcial vegetation cover concludes the signiﬁcant
reduction in density. In Tables 4 and 5, the percentage of
reduction in front gravity current over smooth bed is put for
various concentrations of artiﬁcial vegetation cover and given
densities. The results show that artiﬁcial vegetation cover with
the heights of 0.15 and 0.2 can increase the reduction of density
over smooth bed with 53.54% to 77.72% and 57.25% to
81.28% respectively. In addition, when gravity current enters
the ﬂume with lower density, the artiﬁcial vegetation covers
have signiﬁcant inﬂuence on reduction of density so that the
percentage of density reduction increases.4. Conclusion
In this research, the effects of artiﬁcial vegetation cover on
speed and density reduction of saline gravity current have been
investigated. The treatments have shown that the development
speed of current signiﬁcantly reduces when artiﬁcial vegetation
cover is put in the course of the gravity current because of the
incidence of current with artiﬁcial vegetation cover, of creation
of friction, and of help for increasing stress in the mutual inter-
face of 2 ﬂuids. The 1.4% concentration of artiﬁcial vegetation
cover is the best suitable concentration for reducing the devel-
opment speed of the front gravity current; this concentration’s
proﬁle density decreases signiﬁcantly in the vertical cross-
section. It was also observed that the speed of front increases
in the low concentrations after passing half of the course just
due to the waking phenomenon. Finally, some relations were
proposed in order to predict the development speed of the cur-
rent for the rough cross-sections with 0.15 cm and 0.2 cm
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